Gas-liquid chromatography (g.1.c.) was investigated as a potential tool in the classification and identification of Corynebacterium strains isolated from human skin, on the basis of the g.1.c. profile of the trimethylsilyl derivatives of their mycolic acid methyl esters. The g.1.c. patterns of five skin corynebacteria were compared with those of reference strains Corynebacterium diphtheriae PW8 and Corynebacteriurn xerosis NCTC 9755 and NCTC 7929. Further compositional information was obtained by gas-liquid chromatography/mass spectrometry (g.l.c./m.s.) of mycolates from C. diphtheriae PW8 and two of the skin isolates. In addition to identifying and examining the individual mycolate species and comparing the differences in mycolate profile between skin corynebacteria and between reference strains, a limited assessment was made of the possibility of distinguishing between organisms at both strain and species levels on the basis of mycolic acid composition as revealed by g.1. c. ' fingerprinting ' .
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I N T R O D U C T I O N
Aerobic coryneform bacteria commonly form part of the normal resident skin flora (Noble & Somerville, 1974 ). It has not been possible to classify these cutaneous coryneforms to the subspecific level using morphological criteria (Pitcher & Noble, 1978) , but a chemotaxonomic analysis of the sugars and amino acids of the cell wall has resulted in the recognition of several chemotypes (Pitcher, 1977 ; Pitcher & Noble, 1978) . These chemotypes have provided a basis for the re-investigation of cutaneous coryneforms using lipid analysis. Shaw (1974) and Lechevalier (1977) have shown the value of lipid analysis in bacterial taxonomy. Recent studies have shown that the class of lipid markers collectively known as mycolic acids has facilitated the classification of coryneform (Minnikin et al., 1978) , nocardioform and related bacteria (Good fellow Lechevalier et al., 1971 a ; . Mycolic acids are 3-hydroxy long-chain fatty acids with a long alkyl side-chain on C-2. Physico-chemical analyses of mycolic acid composition and molecular weight distributions have been used extensively in taxonomic studies of bacteria that contain these acids. Pyrolysis gas chromatography of methyl mycolates (Etkmadi, 1967; Lechevalier et al., 1971 a, b) has been applied to the classification of Mycobacterium and nocardioform bacteria (Mi nnikin and Corynebacterium (Minnikin et al., 1978) . Mass spectral studies of methyl mycolates have been used in the with calf serum (5 %, v/v) and Tween 80 (0-5 %, v/v). After aerobic incubation for 48 h at 37 "C, cells were harvested, killed with formalin (1 %, v/v), washed three times with distilled water, collected by centrifugation and dried over PzO,. The autoclaved paste of C. diphtheriae PW8 was freeze-dried. Morphology was checked by Preston & Morell's modification of the Gram stain (Cowan, 1974) , and the presence of methyl mycolates was confirmed by thin-layer chromatography of whole cell methanolysates . All the strains were maintained on slopes made with blood agar base (Oxoid) supplemented with calf serum (5 %, v/v) at room temperature.
Extraction of total methyl mycolates andpreparation of methyl mycolate trimethylsilyl ethers. Dry bacteria (100 mg) were degraded by acid methanolysis as described by Minnikin et al. (1975) and the hexane extracts were examined for methyl mycolates by thin-layer chromatography (t.1.c.) using Merck silica gel G prepared plates (0.5 mm layers) and developing solvent of petroleum spirit (b.p. 60 to 80 "C)/diethyl ether (85: 15, v/v). Methyl mycolates were isolated by preparative t.1.c. on layers (3 mm) of Merck silica gel PF254+366 using the same developing solvent, and the bands were detected by illumination with ultraviolet light (366 nm) (Minnikin et al., 1975) . The methyl mycolate trimethylsilyl (TMS) ethers were prepared using pyridine/hexamethyldisilazane/chlorotrimethylsilane (5 : 2: 1 , v/v) .
Gas-liquid chromatography. Methyl mycolate TMS ethers were analysed using a glass column (2.1 m x 4 mm i.d.) packed with 3 % (w/w) OV-1 on Diatomite CQ (100 to 120 mesh). The column oven temperature was 310 "C for isothermal analysis, or 300 "C (4 min) followed by a 10 "C min-l rise to 340 "C (5 min) for programmed analyses. Gas-liquid chromatography/mass spectrometry. The samples of methyl mycolate TMS ethers were injected into a combined gas chromatograph (Pye 104)/mass spectrometer (Kratos MS 30), in which g.1.c. effluents, as separated on a 2.7 m OV-1 column, were directly conducted into the mass spectrometer through a membrane separator maintained at 260 "C. The g.1.c. column oven temperature was programmed (4 min at 320 "C, 10 "C min-l rise to 350 "C for 5 min). Spectra were recorded at 24 eV, 300 pA and 1000 resolution. Full mass spectra were taken at the top of each major g.1.c. peak, and also the M+ to (M-15)+ region was scanned repetitively during the elution of each peak to assist in identification and assess the distribution of multiple components. Assignments of fragment ions were based, in part, on the data of Yano Yano et al., 1978) .
G.1.c. traces of methyl mycolate TMS ethers of C. dightheriae PW8 and C. xerosis NCTC 9755, 'pictorial' comparative presentations, as bar graphs, of the data in Table 1 , and partial mass spectra of methyl mycolate 
RESULTS

Gus-Iiquid chromatographic analyses
The g.1.c. trace of methyl mycolate TMS ethers from strain T2 is shown in Fig. 1 . The carbon chain lengths and number of double bonds for mycolates from all of the test strains are summarized in Table 1 . The identities given in Table 1 are based on mass spectral data and g.1.c. retention times. Small intermediate peaks due to acids with an odd number of carbon atoms are listed by their number of carbon atoms only; no compositional information was obtained for these peaks. Mycolates containing two double bonds (C,J and those which were completely saturated (Cnz0) were clearly resolved from each other but acids with one double bond (Cnt1) were not completely resolved from either of the other peaks (see notations in Table I) .
Corynebacterium xerosis NCTC 9755, C. diphtheriae PW8 and strain T2 illustrate the three main types of pattern which emerged. The simpler pattern, from C. diphtheriae PW8, shows predominant saturation (Cn:o) with small amounts of acids with one double bond (CTLZl) and a wide range of carbon numbers (C3* to C,o). This contrasts with the other patterns in which unsaturated species predominate (C, : 2 and C , :1) within a closer range of carbon numbers (C36 to C30). One further feature of the profiles is the narrow range of carbon numbers and the abrupt termination of components at both ends of the carbon number range (except for the lower end of the range in C. dQhtheriae). These results agree with those for C. ulcerans but contrast with those for Rhodococcus species (Goodfellow & Alderson, 1977) which have mycolates with similar numbers of carbon atoms (Yano et ul., 1978) . Table 2 and discussion of the mass spectral results of mycolic acids as methyl mycolate TMS ethers and as the 'native' molecules.
Mass spectral analysis Three organisms, C. diphtheriae PW8 and strains T1 and T2, were further analysed by g.l.c,/m.s. The mass spectra obtained were similar to those reported for C. ulcerans . The higher intensity peaks were generally those from fragment A (see Fig. 2 ) and from the (M-15)+ ion. Table 2 shows the major components found in the g.l.c./m.s. analyses, and Fig. 2 the notations used in discussing the mass spectral results. For C. diphtheriae PW8 the predominant components were the saturated species (C, :J with small amounts of C , :1 in unit Br from the C;, to C34 groups. Mycolates from the other strains were predominantly composed of Cnz2 with one double bond in each of S and Br, or only one double bond (Cni1) in Br. A small amount of C , :3 was observed for the C36 and C34 groups, with two double bonds in the S fragment and one in the Br. A gradual shift towards saturation with decreasing carbon number was observed, similar to that seen for C. ulcerans . Spectra of these mycolates of lower carbon number also showed an apparent increase in complexity of composition. Based on the evidence of previous assignments , the fact that m/e 315 can only arise from fragment B, and the assumption that the identities of m/e 313 and 31 1 are the same in T1, T2 and C. diphtheriae PW8, the components in fragments S and Br appear to undergo a reversal of chain lengths between R, and R2 in c28:O to C 2 4 : o of C. diphtheriae PW8 (Table 2) .
Apart from this reversal, the distribution of fragments S and Br agrees with the general trend observed in m.s. analyses of simple mycolates in which the Br component stays fairly constant in chain length while S is variable. Within Corynebacterium sensu stricto strains a fairly consistent finding is that the range of acids in fragment Br lies between C 1 4 and c18. This reflects the tendency in all mycolates examined by g.l.c./m.s. for fragment Br to remain fixed at some narrow carbon number value below c16 depending on the taxon, such that changes in total carbon number are then caused by changes in fragment S.
D I S C U S S I O N
Corynebacterium diphtheriae PW8 (Minnikin et al., 1978; Alshamaony et al., 1977 ) has a distinctly different profile from both C. xerosis reference strains and the skin isolates.
The C3, group is absent, there are no peaks corresponding to (C, :2+n:1) and the carbon numbers extend down to C22. The C. xerosis strains are similar to each other with nearly equal proportions of C30:o+30:1 components, and T4 and T5 are similar in that C30:o+30:1 is also present, but in a different proportion relative to C 3 2 . Strains T2 and T3 show similar patterns to each other but differ from the other skin strains in lacking C 3 0 :0+30 :1 and having higher proportions of C34:2+34:1 and C30:2+30:1. In the A (c36), B (C,,) and C ( C 3 2 ) groups there is also some similarity between T2 and T5.
The present g.1.c. and g.1.cJm.s. results for total mycolic acid composition of C. diphtheriae PW8 and C. xerosis strains agree with the results obtained by direct probe m.s. analysis (Alshamaony et al., 1977) in which C. diphtheriae was shown to contain c26 to C34, predominantly saturated mycolates (CnzO), and C. xerosis NCTC 9755 was shown to contain C 3 0 to C36, unsaturated (Cn:l and CnZ2) mycolates. The carbon number range and unsaturation of mycolic acids from several other Corynebacterium species (C. hofmanii, C. ovis, C. rubrum and C. ulcerans) have been reviewed (Minnikin et al., 1978) . Corynebacterium bovis (Minnikin et al., 1978) possesses mycolic acids with exceptionally low carbon numbers (C22 to C 3 2 ) . This property may be particularly applicable in the use of mycolic acids in interspecific differentiation.
The above-mentioned analyses have been performed variously on free or total mycolates ; because differences may exist in composition between free and total mycolates (Minnikin et al., 1978) , some caution is necessary in taxonomic comparisons based on mycolate compositions. In addition, the taxonomic boundary between Corynebacterium and Rhodococcus is not clearly defined in terms of mycolate analysis by t.1.c. because there is some overlap in the carbon number ranges between representative strains of these genera (Minnikin et al., 1978) . However, the only published g.1.c. pattern of mycolates from a Rhodococcus sp. (Mycobacteriurn rhodochrous IF0 13 165; Yano et al., 1978) differs from those of Corynebacterium species.
The mycolic acid compositions found for the skin coryneforms examined in this study fall within the carbon number range of the mycolates of Corynebacterium species so far examined (Minnikin et al., 1978) . In the light of the foregoing reservations, the skin isolates examined in this study can be tentatively assigned to the genus Corynebacterium on the basis of their mycolic acid composition.
The main purpose of the present study, however, was the detailed g.1.c. and g.l.c./m.s. analysis of mycolic acids from skin coryneforms, and the comparison of their composition with the mycolates of Corynebacterium reference strains. From these analyses, C. xerosis is more closely related to the skin strains than is C. diphtheriae; from other taxonomic studies (Pitcher, 1978) , skin strains are more closely related to each other than to reference corynebacteria. The present findings tend to confirm this, although only a small range of organisms was studied.
It is therefore possible to differentiate between the limited number of corynebacteria examined by differences in their g.1.c. profiles. Quantitative differences between strains have been observed previously (Alshamaony et al., 1976a) and these may represent an inherent variation between strains. The extent of variation would dictate the accuracy in the degree of matching which would be acceptable in a profile in terms of defining the borderline between strains or species. A larger number of species and strains of corynebacteria would need to be studied before this proposition could be assessed accurately.
Thin-layer chromatographic patterns of methyl mycolates are often sufficient to differentiate between genera, within limits, but not between organisms within a genus such as Corynebacterium . Gas chromatographic data alone could therefore provide a readily obtainable pattern of mycolic acid distribution and proportion based primarily on carbon number and, to a lesser extent, on unsaturation. This profile could be regarded as a 'fingerprint' for that organism and offers a potential to provide preliminary taxonomic information, which could be further supplemented by detailed m.s. analysis.
Some of the factors governing the applicability of mycolate compositions in taxonomy (Minnikin et al., 1978) and the use of g.l.c./m.s. in mycolate analyses (Yano et al., 1978; have been discussed. The g.1.c. peak may represent a complex mixture of species at a particular carbon number, and this detailed composition need not be the same for the same carbon numbers from different organisms (Batt et al., 1971; WelbyGieusse et al., 1970; Yano et al., 1978) . Mass spectrometry may be required occasionally to resolve this detailed compositional information. In addition, the influence of the culture conditions on mycolate compositions may also be an important, and as yet unknown, factor.
